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Abstract 
A large number of injuries occur in Japanese school environments. To prevent injuries in schools, it is important to understand 
high-risk injuries based on injury data. In this paper, “high-risk” injuries indicate a high risk of leading to serious or fatal injuries. 
However, it is difficult to understand these injuries from the injury data of just a single school because a single school does 
accumulate much data. In this study, we developed a system for predicting serious injuries at individual schools by using injury 
data from multiple schools. The prediction process is as follows. First, the system registers injury situations with the feature 
values that express them by using a text mining technique to the database. Second, for a given injury data at target school, the 
system searches for similar injury situations in the registered data. Finally, it reports the particularly serious injuries from the 
viewpoint of medical cost from among the data covering similar situations. The effectiveness of the system was confirmed using 
the data of 5,817 school injuries.  
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Fig. 1. Annual injuries in Japanese schools from 2008 to 2013. 
1. Introduction 
In cases that many similar accidents occur in the same location, we can take measures against this type of 
accident in our everyday lives. Actually, however, usually many similar accidents do not occur in the same location, 
although similar accidents do occur in different places. Since each location has little data, we cannot understand 
accidents statistically. Potential serious risks are overlooked because we often confuse potential serious risks with 
rare accidents that happened unfortunately.  
One category of such accidents is school accidents. Figure 1 shows the recent trend of school accidents from data 
of the Japan Sport Council [1]. Approximately one million injuries occur in elementary, junior high, and high 
schools each year, and this trend remains relatively stable year by year. 
Previous studies on school accidents analyzed the accident data statistically [2, 3] or analyzed data by focusing 
on place of occurrence [4, 5, 6]. The authors’ own previous work analyzed accidents related to the playground 
equipment of elementary schools from the viewpoint of medical costs 0 and showed that medical cost data were 
useful for grasping the seriousness of accidents. 
The Japan Sport Council, which has the largest set of school injury data in Japan, reports yearly data on accidents 
in school environments, including whether the accidents resulted in death or disability. They also provide an 
accident search service on the Web 0. From the viewpoint of the users who need to manage risk at a particular 
facility, the search service is difficult to use for preventing injuries for the following reasons. First, it takes much 
time for the users to find accident data related to their school from among all the accident data. Second, the users 
cannot quickly receive data on serious accidents if the accidents occurred at other schools, because the database of 
the service is not updated in real time. Third, the users cannot prioritize their preventive measures, because serious 
and trivial accidents are mixed in the database. Finally, it is difficult for the users to consider injury cases as relevant 
to their own problems even if the cases appear in an injury report because such reports mix injury data that are 
important for the target school with those that are not. 
From the viewpoint of data accessibility, there are problems due to the data being multi-organizational. This is 
because the Japan Sport Council data are not available to the general public: each user is permitted access only to 
the data of that user’s school or only to the data of schools belonging to the same local government. 
To solve the abovementioned problems, a new method for understanding serious injuries for each school by 
integrating multi-organizational distributed data is required. In this paper, the authors propose a system for 
predicting high-risk injuries by extracting similar injury cases from the integrated injury data of multiple schools. 
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2. Proposed system for predicting high-risk injuries 
To prevent injuries, a system for predicting high-risk injuries by integrating the injury data of multiple schools is 
necessary. Therefore, we propose a risk assessment system that enables users to understand the risk at their school 
by showing serious injuries that occurred in similar situations after inputting the data for injuries that have occurred 
at the user’s school. 
The proposed system consists of the following three functions. 1) A function for registering the injury situation: 
This function is for registering injury data to the injury database with the feature values of the injury situations in 
order to take the situations into consideration. 2) A function for searching for an injury in a similar situation: This 
function is for searching for injuries that occurred in similar situations in the database based on the feature values of 
the registered injury situation. 3) A function for displaying typical high-risk injuries in similar situations: This 
function is for extracting serious injuries occurring in similar situation in order to grasp high-risk injuries in the 
user’s school. By using these functions, users can understand potential serious injuries at their separate schools by 
simply inputting the actual injury data of their schools. The users can then consider measures for preventing serious 
injuries before they actually occur. 
3. Development of a risk assessment system based on integrating injury data of multiple schools 
3.1. Summary of the proposed system 
Figure 2 shows the configuration of the system for predicting serious injuries. In the function to register injury 
situations, the feature values of situations are selected and registered to the database by analyzing injury data with a 
text mining method. In the function to search for injuries in similar situations, cases of potential injuries are 
extracted by searching for situations similar to those inputted on the actual injuries at the user’s school. In the 
function to show potential serious injuries, serious injury cases are extracted by sorting the injury cases by medical 
cost. In the following subsections, the implementation of these functions is described. 
  
Fig. 2. System configuration. 
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3.2. Function to register injury situations 
This function outputs the candidate feature values of an injury situation by analysing the sentence that explain 
the injury situation in injury data. Specifically, by using a text mining technique, the verbs and nouns are extracted 
from the sentence as individual words, and the candidate feature values are selected based on the word-appearance 
frequencies for all registered situations. A user selects the feature values from among these candidates and also has 
the option to add other important feature values. Injury data are then registered along with the chosen feature values 
to the database. When the user searches for serious injuries by inputting injury data that occurred in the user’s 
school, this function extracts feature values from each of the inputted injury cases by analysing the injury situation 
sentences using a text mining technique.  
3.3. Function to search for similar injury situations 
This function searches an injury database for injury cases occurring in similar situations. First, the function 
executes a cluster analysis based on similarity of feature values with the k-means method. For deciding the number 
of clusters, the function uses the criterion to evaluate the number of clusters by Variance Ratio Criterion (VRC) 0. 
Second, the function finds a cluster which includes the injury situation inputted by the user. The function outputs the 
injury cases contained in the found cluster. Figure 3 shows an example of the clustering results, where each dot 
indicates an injury case and each color indicates a cluster.  
 
 
Fig. 3. Graphical representation of clustering of similar accidents (Each dot indicates an injury case and each color indicates a cluster.) 
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3.4. Function to display typical high-risk injuries 
This function extracts the high-risk injuries from the injury cases obtained by the second function. In this 
function, injuries having high medical cost are treated as high-risk injuries. Figure 4 shows an example of injury 
cases being sorted by medical cost for a particular cluster of similar situations. Similarly, as shown in Figure 5, in 
the developed system, this function displays detailed information on high-risk injury cases sorted in descending 
order of cost. 
 
Fig. 4. Example of high-risk injury sorted by medical cost. 
 
Fig. 5. Example of search results obtained with the system. 
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4. Evaluation of the effectiveness of the developed system using injury data of elementary schools 
To evaluate the effectiveness of the developed system, the authors obtained data of 5,817 injuries occurring at 
multiple elementary schools from the Japan Sport Council and applied our system to them. We confirmed whether 
the system could output potential high-risk injuries on the basis of the data of situations similar to the injury 
situation inputted by the user. 
The following is an example inputted injury case. 
 
x An accident occurred while practicing a gymnastic formation: When students were making three-story towers, 
one of the towers collapsed, causing one of the students at the bottom of the tower to hit the right side of his face 
on the ground. As a result, he got a contused wound and bruise. 
 
The developed system outputted as follows: 
 
x A student was playing on climbing poles. He climbed two poles and did one round when he was at the half  
height of the poles. After that, the student lost his grip and fell. He hit his left hand on the ground. (bone fracture)  
x A student was playing basketball with a friend during a break. He hit his nose against the head of the friend. 
(bone fracture)  
x On the way home after school club activities, a student fell, along with his bicycle, into the waterway on side of 
the road when he tried to avoid construction equipment where the road was under construction. He hit his left 
arm. (bone fracture)  
x A student was walking on the top of a wall between the corridor and a display space during the break time 
between the third and fourth class periods. He lost his balance and fell. He hit his left elbow on the floor. (bone 
fracture)  
x A student was practicing various skills with a chin-up bar. When he jumped down from the chin-up bar, he lost 
his balance and fell off. He hit his left elbow and broke a left arm bone. (bone fracture)  
 
The above cases are the five most-serious injures occurring in a situation similar to that of the inputted fall and 
impact injury situation. All the injury cases are similar to the inputted case in a sense of being falls and causing 
impacts. All cases are high-risk injuries, namely, bone fractures. The authors confirmed that this system worked well 
for finding potential high-risk injuries. 
As the second example, the authors inputted as follows: 
 
x A student was going down the stairs in front of the gymnasium. He lost his footing and hit his hip on the stairs. 
Then, he twisted his right foot and hit it on the stairs. (sprain) 
 
The system displayed as follows: 
 
x A student was practicing jumping over a vaulting box during a physical education class. When he tried to jump 
over the vaulting box, he hit his hip on the top of the vaulting box. Then, he lost his balance and fell from the 
vaulting box. He hit his left hand on the floor. (bone fracture) 
x A student hit another student while practicing soccer. Then, he twisted his right ankle and got injured. (sprain) 
x Students were playing with a ball during the lunch break. A student stepped on the ball, and then he hit and 
twisted his right ankle. (bone fracture)  
x When a student was going down stairs in a hurry during the break time, he twisted both his ankles and fell down 
five steps. (bone fracture) 
x A student hit another student during volleyball club practice. Then, he twisted his right ankle. (bone fracture) 
 
These are the five most-serious injures occurring in a situation similar to the inputted injury situation in the sense 
of being situations involving loss of balance. Some of the cases are injuries due to the loss of balance itself and the 
others are injuries caused by hitting other people after the loss of balance. 
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As a final example, the authors inputted as follows: 
 
x While a student was practicing jumping over hurdles, he fell down because another student who was running in 
the next lane fell down. The student suffered a scratch. (scratch) 
 
The system displayed as follows: 
 
x A student was jumping over hurdles during the sixth-period class. He hit his right ankle on the hurdle and fell 
down. He reported that he hit his right hand on the ground. His right arm was swollen. (bone fracture) 
x A student was playing basketball with friends during a physical education class. He was chasing a friend who had 
the ball, and then he fell down and hit his left elbow. (bone fracture) 
x Students were playing with a ball on the school grounds during the lunch break. Other students were also playing 
with a ball in the same location. One student fell down and hit his right hand on the ground because one of 
students in the other group hit him when he was running. (bone fracture) 
x A student was running after a ball during soccer practice in the gymnasium. He stumbled on a net and fell down. 
(bone fracture) 
x A student sitting on a chair was swinging it back and forth. He fell over backwards because the chair slipped. He 
bit his tongue when he fell. (laceration) 
 
Above are the five most-serious injures occurring in a situation similar to that of the inputted injury in the sense 
of involving falling. All cases are injuries due to a loss of balance by stumbling on something and striking other 
people. 
We confirmed that the displayed injury cases occurred in situations similar to those of the three inputted injury 
situations. The three inputted situations were not such high-risk injuries—sprains, bruises, and abrasions—whereas 
the outputs of the system are high-risk injuries, such as bone fractures. The authors confirmed that the developed 
system enables users to understand potential high-risk injuries by integrating the injury data of multiple schools. 
5. Discussion of supporting improvement of products and environments 
Injuries occurring at schools are caused by not only students’ actions but also products and environments. There 
are many injuries that could be prevented by improving products and environments. For example, by inputting an 
injury case, “A student was running on the school grounds and hit his head on the chin-up bar. He got bruised.”, the 
system gives “run” and “impact” as feature values by the first function. The serious injuries in similar situations are 
the same as those in the first example in Section 4.  
Since these situations include the situation “impact”, these are injuries occurring in similar situations, but these 
data are not so useful for considering preventive measures from the viewpoint of improving products and 
environments. This is because these cases include only one case related to a chin-up bar, which was the cause in the 
inputted case. Therefore, for this case, concentrating on data about injuries due to the same product and the same 
environment would be much more useful. If a user can specify relevant products and environments, the system can 
output information useful for improving products and environments. For example, the system searched for serious 
injuries related to chin-up bars among the 5,817 injury cases in the data and outputted as follows.  
 
x A student was playing with a ball after school. He ran after the ball and hit his nose on a chin-up bar. (bone 
fracture) 
x A student was playing on a chin-up bar during the lunch break. After continuous rotating with the chin-up bar, he 
hit his teeth on the chin-up bar because he lost his balance forward. (dislocation) 
x A student was playing soccer during the lunch break. He hit his mouth on the chin-up bar because he was 
absorbed in running after a ball. After that, he fell down and hit his head on the ground. (bruise) 
x A student was playing on a chin-up bar during the lunch break. He hit his forehead on the ground. (bruise)  
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x A student was practicing on a chin-up bar during physical education class. He hit his forehead on the pole of the 
chin-up bar. (bruise) 
 
These situations are similar to the inputted situation since these situations include “run” and “impact”. According 
to the results, a user can know that students may hit their noses, teeth, heads, or foreheads on the chin-up bar and 
they may break bones in the worst cases. The authors think that these injury cases are useful for developing 
measures for preventing injury related to a chin-up bar product. Possible measures include changing the color of the 
chin-up bar to make it easier to see and changing the flow of children around the chin-up bar by changing how the 
school playground is used. Thus, the system enables the user to consider injury cases from both the viewpoints of 
products and injury situations and should be useful for developing preventive measures strategically. In particular, 
the authors think that a search method which allows essential conditions to be added to the search is useful. 
6. Conclusion 
In order support injury prevention efforts in school environments, the authors developed the potential risk 
assessment system by integrating the injury data of multiple schools. The developed system consists of three 
functions. The first function is for registering injury situations with the feature values for expressing them. The 
second function is for searching the database for injuries occurring in similar situations by using the feature values. 
The third function is for displaying high-risk injuries occurring in similar situations. To evaluate the effectiveness of 
the system, we obtained data of 5,817 injuries occurring at multiple elementary schools from the Japan Sport 
Council and applied the system to these data. As a result, the authors confirmed that the system can display potential 
serious injuries occurring in situations similar to that of the inputted minor injury case. 
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